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Abstract
Efficacy of translocations for restoring populations o f black-tailed prairie dogs in north- 
central Montana
Director: Dr. Kerry Foresman
I evaluated translocation as a method to promote recovery of black-tailed prairie dogs 
{Cynomys ludovicianus) after plague-induced population declines in colonies at the 
Charles M. Russell National Wildlife Refuge in north-central Montana. I translocated 
prairie dogs in June o f 1999, and evaluated the effects o f translocation on colony area one 
year later. I also determined the most effective size for release groups and estimated rates 
o f population growth and survival. Initial size of experimental colonies was categorized as 
inactive ( 0  ha), small (0 . 1  - 2 . 0  ha), or large (2 .0 -6 . 6  ha); numbers o f prairie dogs 
translocated to each colony size class were 0 (control), 60, and 120. Among inactive 
colonies, the control remained inactive, the colony receiving 60 prairie dogs grew to 1.5 
ha, and the colony receiving 120 grew to 3.3 ha. Patterns on small and large colonies 
were less clear, but in each case the proportional increase in colony area was lowest on the 
control and highest on the colony receiving 120 prairie dogs. Experimental colonies grew 
33.5 ha (216%) compared to non-experimental colonies of similar size that grew 6.5 ha 
(23%). Colony area was correlated with population size (R^ = 0.62) and with number of 
active burrows (R^ = 0.93). Monthly survival rates o f prairie dogs during the first three 
months following translocation were higher on large colonies (0.79, 95% Cl = 0.75 - 
0.82) than on small (0.67, 95% Cl = 0.62 - 0.72) or inactive colonies, (0.63, 95% Cl = 
0.57 - 0.68). Monthly survival rates were relatively high (0.88 - 1.0) during subsequent 
intervals and did not vary among initial colony size classes. Recapture rates for all 
colonies were higher during the fall trapping session (0.83, 95% Cl = 0.76 -0.90) than in 
the winter (0.59, 95% Cl = 0.49 -0.69). Translocation was effective for restoration of 
prairie dog populations, particularly on inactive colonies.
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Introduction
Black-tailed prairie dogs {Cynomys ludovicianus, hereafter prairie dogs) are 
colonial, burrowing, herbivorous rodents. Colonies are divided into coteries, which are 
polygynous units made up o f related females, their young, and an unrelated adult male. 
Prairie dogs hve to be about four to five years old, most become reproductively mature at 
two, and breed only once per year (Hoogland 2001). An average o f four to five pups 
emerges in May (Knowles 1987). Prairie dogs engage in infanticide, with approximately 
39% o f the litters produced being killed by related females in the natal burrow (Hoogland 
1995). Dispersal occurs fi-om mid-May to mid-July with an average distance o f 2.4 km 
and a maximum distance o f 10 km (Garrett & Franklin 1988, Knowles 1985).
Prairie dogs have hved on the Great Plains for thousands o f years, providing food 
or habitat for numerous species. The endangered black-footed ferret {Mustela nigripes), 
for example, depends solely on prairie dogs for food, and on prairie dog burrows for 
shelter (Henderson et al. 1969; Hillman & Linder 1973; Clark 1978; Hillman & Clark 
1980). Other sensitive species closely associated with prairie dogs include the mountain 
plover (Charadrius montanus, a federal candidate species) and burrowing owl {Athene 
cunicularia, Campbell & Clark 1982). Predator species include raptors, badgers {Taxidea 
taxus), bobcats {Lynx rufus)^ mountain lions {Puma concolor), coyotes {Canis latrans), 
and western rattlesnakes {Crotalus viridis).
Prairie dog range in the early 1900’s reached firom southern Saskatchewan 
southward across the Great Plains to northern Mexico. Although prairie dog colonies
covered up to 40,000,000 ha (Knowles & Knowles 1994), current estimates place the area 
occupied at 1 - 2% o f historic levels (Miller et al. 1990; Marsh 1994). Primary causes o f 
the decline and isolation o f colonies were eradication programs based on poisoning and 
shooting, conversion o f grassland to cropland, and sylvatic plague {Yersinia pestis) 
(Campbell & Clark 1982; Knowles and Knowles 1994, Knowles 1995).
Area o f active prairie dog colonies on Charles M. Russell National Wildlife Refuge 
(CMR, Fig. 1) declined approximately 40% following a plague outbreak in 1992, then 
declined another 7% between 1993 and 1997 (Fig. 2). Large portions o f many colonies 
and some entire colonies became inactive at that time (Knowles 1998). Sylvatic plague 
appeared to the primary cause of the decline (Matchett 1997). Although no cases of 
plague-infected fleas or prairie dogs have been documented in this area, plague antibodies 
were found in 67% o f carnivores collected in the area from 1993 — 1999 (Matchett 1999).
Plague often kills prairie dogs so quickly that antibodies do not have time to form (Poland 
and Bames 1979). Furthermore, scavengers and the fossorial nature o f prairie dogs limit 
the number o f carcasses available for testing and thereby add to the difficulty o f isolating 
plague. Although colonies that have declined from shooting or poisoning often are re­
established naturally within a few years, those decimated by plague seem to re-establish 
more slowly if at all. Plague often affects nearby source colonies that otherwise could 
provide immigrants for recolonization (Knowles 1986).
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Figure 1. The study area on western Charles M. Russell National Wildlife Refuge (CMR) and adjacent area. Heavy solid lines delineate 
components o f the study area: A - CMR area containing nine experimental colonies (*) and 30 additional colonies monitored to 
document natural recolonization; B - CMR and BLM area where 38 colonies were monitored to calculate sampling variance in colony 
area; and C -  private land where prairie dogs were trapped for translocation. Fine solid lines delineate counties and county names are in 
Italics.
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Figure 2. Estimated area of active prairie dog colonies on CMR in Phillips County from 1979-2000. Translocations occurred in 1997 
(330 prairie dogs), 1998 (223), and 1999 (544, USFWS-CMR unpublished, Dullum & Durbian 1997).
This long-term decline in prairie dog populations, in conjunction with recent 
evidence o f continuing plague outbreaks, led the U. S. Fish and Wildlife Service (USFWS) 
to find that listing the prairie dog for protection under the Endangered Species Act was 
‘Varranted, but precluded.” As emphasis is shifting fi-om control to conservation o f 
prairie dog populations, managers need to know the effectiveness of translocations 
(compared to natural recolonization) in restoring colonies extirpated or severely reduced 
by plague.
Current changes in prairie dog populations in Phillips County were unclear, and 
opinions on population status and appropriate management strategies differed widely. In a 
preliminary effort to restore local prairie dog populations and test translocation methods, 
prairie dogs were translocated in 1997 - 1998 to colonies impacted by plague on CMR, 
(Dullum & Durbian 1997, Appendices 1 and 2), and results fi*om that effort guided the 
design and techniques used in subsequent translocations.
My primary objectives were to evaluate the overall effects o f translocation on 
colony area one year after release, compare colony growth in experimental colonies to 
growth in other non-experimental colonies across western CMR, evaluate effects o f initial 
colony size and translocation group size on translocation success, estimate rates of 
population growth in augmented versus non-augmented colonies, and estimate survival o f 
translocated prairie dogs.
study Area
This study was conducted in north central Montana, on and near CMR (Fig. 1). 
Prairie dogs were trapped for translocation on private lands in central Phillips County 
where landowners desired reduced populations and granted me access to their lands. 
Prairie dogs were translocated to six of nine experimental colonies located on CMR, north 
o f the Missouri River in Phillips County. I also surveyed 76 other colonies on western 
CMR and adjacent Bureau of Land Management (BLM) land to estimate natural 
recolonization rates and to estimate sampling variance on estimates o f colony size 
(Appendices 3 and 4).
Prairie dogs prefer level areas (<12% slope) o f grassland and shrub-grassland 
habitats and clay-loam soils (Knowles 1982, Reading & Matchett 1997, Proctor 1998). 
Such suitable areas on CMR often are constricted by steep topography - called “breaks”- 
and by coniferous forests; hence, colonies on CMR often are isolated (Knowles 1982).
Plant species found on colonies included fiinged sage wort {Artemisia fr ig id a \ 
prairie dogweed {Dyssodia papposa), broom snakeweed {Gutierrezia sarothrae)^ 
American milkvetch {Astragalus americanus), Nuttal monolepis {Monolepis nuttalliana), 
woolly plaintain {Plantago purshia), prostrate knotweed {Polygonum aviculare), 
tumblegrass {Scedonnardus paniculatus), and prickly pear cactus {Opuntia polyacantha).
M ethods
Translocations
I evaluated translocation using a 3 x 3 design; three group sizes of prairie dogs (0 
[control], 60, and 1 2 0 ) were translocated to three size classes of colonies (inactive [ 0  ha].
small [0.10 — 2.0 ha], and large [2.0-6.6 ha]. Table 1, Fig. 3). I chose experimental 
colonies that had been substantially reduced in size by plague and that were accessible for 
site preparation and transporting prairie dogs.
Preparation o f Translocation Sites
Dullum and Durbian (1997) observed newly translocated prairie dogs excavating 
old mounds and surmised that providing immediate access to open holes might reduce 
mortality or dispersal during the first few days after release. Therefore, I drilled 30 holes 
( 8  cm diameter X 60 cm deep, 45° below horizontal), distributed over a 0.5 ha area on the 
release sites, using a truck mounted auger. Prairie dogs also prefer areas with vegetation 
shorter than 15 cm (Knowles 1982), so I mowed the two release sites that had vegetation 
>15 cm.
Trapping
The Montana Fish, Wildlife and Parks Commission authorized prairie dog 
translocations to CMR within Phillips County. I trapped prairie dogs in the source area 
fi-om June 22 to July 12, 1999, following a protocol approved by the University of 
Montana Institutional Animal Care and Use Committee. 1 baited Tomahawk live-traps 
(15.2 cm X 15.2 cm x 0.6 m) with rolled oats or a mixture o f com, oats, barley, and 
molasses. I pre-baited traps for 48 hours then set them for capture and checked them 
twice each day, at mid-day and late evening. I closed traps during periods of inclement 
weather to minimize stress on captured animals. I attempted to keep animals fi-om 
adjacent colony sections together throughout the trapping and translocation process.
Table 1. Total number of prairie dogs released on nine experimental colonies.
Male Female
Initial
Size
Historic (1988) 1999  ̂ Distance (km) to 
Colony area (ha) Colony area (ha) nearest active colony^ Colony name
Total
released Juvenile Adult Juvenile Adult
Inactive 24.8 0 1 . 0 Agate 0 0 0 0 0
2 1 . 0 0 2 . 0 Taint 60 16 1 0 14 2 0
146.3 0 1 . 0 Big Snowy 1 2 0 24 2 0 36 40
Small 127.0 1 . 1 1 . 0 N. Manning 0 0 0 0 0
35.3 1.4 3.0 E. Robinson 64 17 1 0 16 2 1
37.2 0.3 2 . 0 S. Buckskin 1 2 1 27 2 1 33 40
Large 147.0 6 . 6 0.5 S. Manning 0 0 0 0 0
32.3 2 . 6 2 . 0 N. Buckskin 60 14 1 0 16 2 0
25.7 3.5 3.5 S. Dead Calf 119 34 2 0 25 40
Totals 544 132 91 140 181
 ̂Before translocation 
Distance by road used to establish potential for natural recolonization.
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Figure 3. Nine experimental colonies in boxes and the number o f prairie dogs released in 
parenthesis.
Prairie dogs captured in the mid-day session were transported and released the same 
afternoon, but those captured in the evening were held overnight and released the next 
afternoon. Prairie dogs held overnight were fed, watered, and kept in holding cages (90 
cm X 90 cm X 250 cm) made o f wire mesh (25 cm x 50 cm), placed inside a horse trailer 
to protect them from elements and predation. I released all non-target animals at point of 
capture.
Processing and Release
Prairie dogs were dusted upon capture as a precaution against plague using 
commercial flea powder for pets, following label instructions. Prairie dogs were marked 
with dye (Rodol D® or Clairol® black hair dye) for post-release observation and were 
tagged with a uniquely numbered ear tag in each ear for estimating survival.
Sex composition on release sites was 40 adult females, 20 adult males, and 60 
juveniles on colonies where 1 2 0  prairie dogs were released, and 2 0  adult females, 1 0  adult 
males, and 30 juveniles on colonies where 60 were released. I released prairie dogs 
directly into pre-existing burrows or augered holes and then monitored translocation 
colonies for three days following each release, attempting to record the sex and age class 
o f each prairie dog observed.
Measuring Colony Area
All colonies on CMR had been mapped by USFWS personnel using topographic 
maps and aerial photographs in 1988. Those data provided a baseline for comparison to 
current colony area and estimation o f change. All mapping in 1998, 1999, and 2000 was
1 0
conducted by riding an ATV or walking around the outermost active burrows (prairie dog, 
fresh scat, or fresh digging present) and recording locations every second using a Trimble 
Global Positioning System (GPS, <3 m accuracy. Appendix 5). The perimeter was 
flagged prior to mapping, then an assistant would drive an ATV 5 -  7 m in front o f the 
GPS operator and point to active burrows that comprised the actual perimeter. Groups of 
one to three outlier burrows > 2 0  m beyond other burrows were excluded.
Experimental colonies were mapped once per year in 1998 and 2000, and twice in 
1999 (one month before translocation and two months after). Fifty non-experimental 
colonies were selected for comparison from the those mapped in 1988, representing a 
range o f historic (1988 — 1999) decline from 0 —100% to describe the general pattern of 
change occurring in colonies on western CMR in the absence o f translocation (inactive [0 
ha], small [0 . 1 0  -  2 . 0  ha], large [2 .0 -6 . 6  ha], and extra large [6 . 6  ha]).
Finally, a separate sample o f 37 colonies on western CMR and adjacent BLM lands 
was mapped twice each year by independent observers within a few weeks. I assumed 
that actual colony size did not change between mapping periods and used the observed 
difference to estimate sampling variance. I then used a regression analysis to predict 
standard deviation based on area. The predictive equation for colonies <7 ha in size 
(representative o f my experimental colonies) was Var (a) = (10"^^^^^^^^^^  ̂ where a = 
area in hectares. The predictive equation for larger (7.0 -  166.0 ha) colonies was Var(a) = 
ĵQ-o 346 + 00872 (a) ^ 2  j these Variance estimates to calculate 95% CTs for estimated
colony areas.
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Estimating Number of Burrows
I generally followed guidelines o f Biggins et al. (1993) for estimating the number 
o f burrows in a colony. However, I used a GPS to record position, transect length, and 
burrow locations, and a 3 m plastic pipe attached to an ATV to delineate transect width 
along systematic parallel transects across the colony (Appendix 6 ). Number of burrows 
was estimated following (Thompson 1992) as:
Ty = Zyi / Sxi (Tx)
Variance was estimated using:
Var(Ty) = TxV n (Tx-Sxi /Tx) (1/ (x)^> (S (yi - rxi)^ / n-1
and where
Ty = total number o f active burrows in the colony sampled 
yi = number o f active burrows on the transect i (i = 1 ,..., n) 
xi = area o f the transect i (i = 1,..., n) 
n = sample size (number o f transects sampled)
Tx = total area o f the colony
(Tx-Zxi /Tx) = estimate o f the proportion o f the colony not sampled 
X = average area o f sampled transects 
r = ratio of the sums (Eyi / Exi).
Estimating Population Size
I modified visual count protocol established by Severson and Plumb (1998) for
prairie dogs. I divided colonies into sections that could be seen in their entirety fi*om one
point and then performed counts on each section separately. Counts were made while
standing on top of an ATV, 10 — 50 m from prairie dogs, to minimize observer influence
on prairie dog behavior. Counts were performed over three consecutive days for four, 15-
minute intervals, during the peak morning activity period (0700 to 1000) during fair,
12
relatively calm wind conditions. Maximum counts were highly correlated (R^ =0.942,
Knowles 1982) with the actual population and averaged 85% o f the total, (i.e. population
= maximum count/0.85). I refer to this as the maximum population estimate, and
calculated the variance as:
Var(x) = (//p")*(p(l-p/n) + (1/p^) ♦ S / ,
X = maximum population 
y = maximum number o f prairie dogs counted 
p = 0.85
Sy  ̂= variance in the maximum number of prairie dogs counted 
n= number of sampling events
Biggins et al. (1993) regressed observed population size on number of active 
burrows, generating the predictive equation:
population = (0.179)(N active burrows).
I regressed the number of active burrows on the visual counts and generated:
population = (0.113)(N active burrows).
Population Growth Rate
I calculated annual growth rate (1) for each colony using the equation:
A. = Nt / No,
Nt = population size at time t (June 2000)
No =initial population size (June 1999).
Estimating Survival and Recapture Rate
I used capture-recapture methods and the Cormack Jolly-Seber model to estimate
and test biological hypotheses regarding survival (Lebreton et al. 1992, Lancia 1994,
Cooch and White 2000). I began with the most general model that allowed survival rates
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(O i) and recapture rates (pi) (of the marked prairie dogs alive at time period i, the 
likelihood a marked animal is captured during a trapping period) to vary by release size, 
age, sex, initial colony size, colony, and time. I used program MARK (White 2000) to 
estimate parameters, Oi and p., where i is the release or recapture period (1 = release June 
1999, 2 = October 1999, 3 = March 2000, 4 = July 2000); Oj, is the probability o f 
surviving from period i to period i + 1 ; and pi is the probability o f recapture, the number of 
marked animals captured during a trapping session, in period i (Fig. 4).
Figure 4. Diagram of the four trapping occasions, including the initial marking occasion, 
and three subsequent recapture occasions (Cooch & White 2000). Oi represents survival 
rates between successive occasions, and pi represents recapture rates at the ith occasion.
Permanent dispersal from the sampling area is equivalent to mortality in this analysis.
Median interval length between each recapture was 3.5 months for periods 1-2, 5.5 for 2-
3, and 4.0 for 3-4 (Appendix 7). I assessed the goodness-of-fit using a parametric
bootstrap method with 100 simulations (model deviance = 29.0, mean simulated deviance
= 23.3, p = 0.19, c = 1.24). I then successively removed variation from the most general
model (Table 2). From these models, I determined the best model based on Akaike’s
Information Criterion (AIC). The best model was then used to obtain maximum-
likelihood estimates o f monthly survival and recapture probabilities. I applied a variance
inflation factor to adjust for overdispersion (c) and calculated the quasi -  AIC (QAIC,
Burnham and Anderson 1992),
14
Table 2. Models run in MARK (White 2000).
Model Hypothesis
Oc*A*T*s Pc*A*T*s Survival and recapture probabilities o f colonies, ages, and sex vary 
independently over time
*Î C*A*T*S pT Survival probabilities o f colonies, ages, and sex vary independently over 
time
Recapture probabilities vary independently over time
^G*S*T Pt Survival probabilities o f categories and sex vary independently over time 
Recapture probabilities vary independently over time
^G*A*T pT Survival probabilities o f categories and ages vary independently over 
time
Recapture probabilities vary independently over time
O r*a*T pT Survival probabilities o f release size and ages vary independently over 
time
Recapture probabilities vary independently over time
O g*! Pt Survival probabilities o f categories vary independently over time 
Recapture probabilities vary independently over time
Ot Pt Survival probabilities vary independently over time 
Recapture probabilities vary independently over time
O p Survival probabilities are constant 
Recapture probabilities are constant
Lebreton et. al (1992), Langtimm et al, (1998)
O  = survival probability; p = recapture probability; C = colonies (S. Dead Calf, N. Buckskin, S. Buckskin, 
E. Robinson Cow Camp, Big Snowy, and Taint); G = categories (inactive, small, large); R = release size (60 
vs. 120); A = age (adult or juvenile); T = Time (1®*, 2"**, or 3'** interval); and S = sex (male or female).
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QAIC = -2 In (L)/ c + 2 np 
np = the number o f estimable parameters in the model.
Parameters O 3 p4  are not estimable separately under this model, so I fixed the last 
capture parameter and set it equal to 1.0. The 95% Cl were obtained by back 
transforming the beta Cl using the sine link {[sine(beta) + l]/2} because my parameter 
estimates in the second time interval were close to the boundary (1.0) causing my Cl to 
vary fi*om expected.
Results
Colony area was correlated with prairie dog populations (R^= 0.62) and number of 
active burrows (R^= 0.93, Fig. 5, Appendix 8 ). I used colony area as the primary indicator 
o f translocation effect because o f these correlations and ease of measuring colony size 
(Appendices 9-16).
Experimental Colonies
Among inactive experimental colonies, the control remained inactive one year after 
translocation. The colony receiving 60 prairie dogs grew to 1.5 ha, and the colony 
receiving 120 grew to 3.3 ha (Table 3). Patterns o f growth in small and large 
experimental colonies were less dramatic, but in each case, the proportional increase in 
colony area was lowest for control colonies, intermediate on colonies receiving 60 prairie 
dogs, and highest on colonies with 120 released (Table 3). Colonies receiving 60 prairie 
dogs increased 8 . 8  ha (220%) and those receiving 120 prairie dogs increased 15.9 ha 
(418%) for a total increase of 24.7 (317%).
16
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Figure 5. Relationship between colony area and number o f active burrows (R̂  -  0.93), 
and colony area and estimated prairie dog population (R̂  = 0.62).
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Table 3. Colony size changes on experimental colonies following translocations.
Absolute Percent
Hectares____________ Increase (ha)_____ Change
Category Release size 1988 1 9 9 9 a 2 0 0 0 1999-2000 1999-2000
Inactive 0 24.8 0 . 0 0 . 0 0 NA*’
60 2 1 . 0 0 . 0 1.5 1.5 n a ’’
1 2 0 146.3 0 . 0 3.3 3.3 NA*’
Small 0 397.8 1 . 1 4.2 3.1 280
60 35.3 . 1.4 5.6 4.2 300
1 2 0 37.2 0.3 5.1 4.8 1566
Large 0 147.0 6 . 6 12.3 5.7 90
60 32.3 2 . 6 5.7 3.1 1 2 0
1 2 0 25.7 3.5 11.3 7.8 2 2 0
Totals 867.4 15.5 49 33.5 216
“Before translocation.
*^ot applicable
Experimental colonies were between 0-14% o f their historic (1988) size in 1999 
prior to translocation and all were still less than 2 0 % of their historic size in 2 0 0 0 , except 
for the large colony with 120 released, which had grown to 44% of the 1988 size.
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Non-experiment al colonies
Three o f 14 inactive colonies were naturally recolonized, showing a combined 
increase o f 1.1 ha from 1999 to 2000 (Table 4), The small colonies increased a total of 
1.7 ha (36%) and large colonies increased a total o f 3.7 ha (16%). Non-experimental 
colonies increased in size but not to the degree o f experimental colonies. Experimental 
colonies (n=9) grew a total 33.5 ha (216%) compared to 6.5 ha (23%) on non- 
experimental colonies o f similar size (n=2 2 ).
Table 4. Changes in colony size on 50 non-experimental colonies in 1988, 1999, and 
2000.
Cumulative colony size 1999-2000
Colony size
No. o f 
colonies 1988 1999 2 0 0 0
Net 
Increase (ha)
Percent
Change
Inactive (0 ha) 14 143.5 0 1 . 1 1 . 1 NA
Small (0 . 1 - 2 - 0  ha) 3 27.9 4.7 6.4 1.7 36
Large (2 .0 - 6 . 6  ha) 5 51.6 23.7 27.4 3.7 16
Extra Large (>6 . 6  ha) 28 1978.5 1391.8 1539.9 148.1 1 1
Totals 50 2201.5 1420.2 1574.8 154.6 1 1
In 1999, 19 o f the 50 non-experimental colonies were 0-14% of their historic size. 
These colonies increased a total o f 23.9 ha (64%) from 1999 to 2000 through natural 
recolonization, but were still less than 7% o f their historic size in 2000 (Appendix 3). 
Population Estimates
I found only minor differences between population estimates taken from active 
burrows versus those using the maximum population estimate (Appendix 17).
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Population Growth Rate in Experimental Colonies
Population growth rates and absolute population changes were lower on control 
colonies than treatment colonies. Absolute population changes were higher on colonies 
with 120 prairie dogs released versus colonies with 60 released (Table 5).
Table 5. Annual growth rate (X) on nine experimental colonies based on the minimum 
population size.
Minimum Population Size*" Absolute
Category Number Released June 1999** July 2000 Population increase X
Inactive 0 0 0 0 NA"
60 0 2 2 NA"
1 2 0 0 24 24 NA"
Small 0 1 0 14 4 1.40
64 15 51 36 3.40
1 2 1 3 42 39 14.0
Large 0 51 81 30 1.59
60 19 41 2 2 2.18
119 103 2 2 0 117 2.14
Totals 544 2 0 1 475 274 NA"
* Highest o f 12 counts conducted on each colony (see Methods) 
**Befbre translocation
‘'Not applicable
2 0
Survival Rate of Translocated Prairie Dogs
The best model was Og*t Pt , in which survival rate varied by initial colony size 
and time and recapture varied rates by time (QAIC = 914.0, np = 11, and DEV = 159.1, 
Table 6 , Fig. 6 ). Survival probabilities for the small (0.67, 95% Cl = 0.62 - 0.72) and 
inactive (0.63, 95% Cl = 0.57 - 0.68) colonies from June — October 1999 were 
significantly lower than for large colonies (0.79, 95% Cl = 0.75 - 0.82). Survival rates 
were comparatively high (0 . 8 8  - 1 .0 ) during subsequent intervals and did not vary among 
initial colony size classes (Table 6 ).
Recapture Rate of Translocated Prairie Dogs
Recapture rates were significantly higher in October 1999 (0.83, 95% Cl = 0.76 -
0.90) than in March 2000 (0.59, 95% Cl = 0.49 -0.69). Thirty-three recaptured prairie 
dogs lost one tag, and two lost both ear tags indicated by tom ears. During 6 6  trapping 
occasions from October 1999 to July 2000, 16 o f the prairie dogs captured were 
unmarked adults. Additionally, 97 juveniles were trapped in July 2000 within the release 
area.
Discussion
Translocation shows considerable promise for restoring prairie dogs to areas 
decimated by plague or other factors, providing managers with a technique to re-establish 
inactive colonies or promote more rapid growth in remnant colonies. Growth o f colony 
area and prairie dog populations was considerably greater on treatment colonies than on 
control colonies. Similarly, growth o f colony area was greater on experimental colonies
2 1
Table 6 . Monthly survival (Oi) and recapture (p.) rates for four occasions o f capture and 
release.
Monthly Survival
Category Interval
Survival Rate 
Over Interval
Rate 
Within Interval
Standard
Error -95% Cl +95% Cl
Inactive o r 0 . 2 0 0.63 0.029 0.57 0 . 6 8
0 2 ' 0.50 0 . 8 8 0.032 0.81 0.94
0 3 P4 " 0.81 0.95 0.035 0 . 8 6 0.99
Small o r 0.25 0.67 0.026 0.62 0.72
0 2 ' 0.83 0.97 0 . 0 2 0 0.92 1 . 0
0 3 P4 " 0.65 0.90 0.033 0.83 0.95
Large o r 0.43 0.79 0 . 0 2 0 0.75 0.82
0 2 " 0.98 1 . 0 0 . 0 1 1 0.93 1 . 0 0
O 3 P4^ 0.69 0.91 0 . 0 2 2 0 . 8 6 0.95
® June -October 1999 
** October 1999 - March 2000 
® March - July 2000
Recapture
Standard
Category Interval Rate Error -95% Cl +95% Cl
All 0.83 0.035 0.76 0.90
P3*’ 0.59 0.051 0.49 0.69
P4* 1 . 0 0 0 . 0 1 . 0 0 1 . 0 0
“October 1999 
^ March 2000 
‘̂ July 2000
2 2
^C*A*T*S Pc* A *r*S
np = 110 
DEV = 29.0 
QAIC = 1044.7
^C *A *T *S pT
np = 67 
DEV = 87.8 
QAIC =981.4
O g*s*tP t ^G*A*T P t
np = 21 np = 21 np = 14
DEV = 147.7 DEV = 146.4 DEV = 193.0
QAIC = 925.7 QAIC =924.6 QAIC = 947.5
^G*T P t
np = 11 
DEV = 159.1 
QAIC =914.0
np = 5 
DEV = 205.2 
QAIC =938.9
<D/7
np = 2 
DEV = 409.4 
QAIC = 1097.5
Figure 6 . Model selection constructed by successively removing variation from the 
general model. Table 2 shows the notation for each model. The number o f parameters is 
indicated by np, DEV is the model deviance, a measure of fit, and the Quasi - Akaike 
Information Criterion (QAIC). The arrows point to the more parsimonious model; the 
model selected (with the lowest QAIC) appears in a bold square (Langtimm et al. 1998).
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than on non-experimental colonies. Greater area growth on experimental control colonies 
versus non-experimental colonies was possibly due to translocations near experimental 
colonies in 1997 and 1998 or possibly larger distances between non-experimental colonies 
and source colonies. Releasing 120 prairie dogs produced proportionally larger increase 
in colony sizes than releasing 60. Population growth rate was highest on inactive and 
small colonies where I released 120 prairie dogs.
Translocations are considered successful if the result is a self-sustaining population 
(Griffith et al. 1989). I consider five out o f six o f the release sites as successful.
However, the inactive colony with 60 prairie dogs released will probably not result in a 
self-sustaining population because only two adult females survived one year after release. 
Prairie dogs may eventually immigrate to this site, but none had done so by July 2000.
Robinette et al. (1995) found survival o f translocated prairie dogs higher in release 
groups o f 60 than in groups o f 10 and 30. I found no significant difference in survival 
between release groups o f 60 and 120, but did find an effect o f initial colony size. Prairie 
dogs translocated to large colonies experienced higher survival than those translocated to 
small or inactive colonies, possibly the result o f more prairie dogs to detect predators.
The significant decline in capture rate in March 2000 was likely a function of 
reduced prairie dog activity during cold weather. I was interested in the re-establishment 
or growth of prairie dog colonies and the number o f prairie dogs remaining at release sites 
was o f primary concern therefore, separating mortality from emigration was not possible 
in my analysis.
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I used colony area to evaluate the effect o f translocation because it is the metric 
most commonly used in management and is used to determine status and trend by the 
USFWS for listing decisions. Furthermore, I found that colony area was closely 
correlated with prairie dog population, and number o f active burrows.
The difference between Biggins et al. (1993) and my population estimates 
calculated from the number o f active burrows likely is attributable to differing criteria for 
classifying burrows as active: they conservatively used fresh scat as the only criteria for 
classifying a burrow as active. Severson and Plumb (1998) found the number o f active 
burrows was not a reliable estimate o f population size. I also believe a more accurate 
population estimate was derived using the visual count method because prairie dogs were 
accounted for physically, although I found minor differences between methods.
Prairie dogs released into angered holes covered themselves with soil. Those 
released into pre-existing burrows stayed inside, although some ventured to the entrance 
to scan their surroundings. Approximately 10 individuals ran to nearby roads, were 
captured by hand, indicative of their vulnerability, and were returned to the release site. 
Some prairie dogs located coterie members following release and displayed kin 
recognition behavior in the form o f “kissing” and grooming (Hoogland 1995).
M anagem ent Implications and Research Recommendations
1. Prairie dog colonies can be re-established through translocations. I recommend 
releasing a minimum o f 1 2 0  prairie dogs for greater proportional increases in colony 
size.
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2. Even with success in re-establishing small areas with prairie dogs, it will take
approximately 9 years to return to pre-plague levels using an average o f 23% growth 
found on the non-experimental colonies.
3. Survival rates o f  translocated prairie dogs were higher for prairie dogs released on 
large colonies. On inactive or small colonies, initial survival rates may be improved 
and dispersal rates limited by releasing prairie dogs over a few weeks (Jacquart 1986).
Release the first group and allow them to excavate burrows over a period of days, 
then release the rest o f the group directly into these burrows.
4. Work to increase retention at the release site within the first week after release 
possibly through supplemental feeding (Truett et. al 2001). Although not necessary 
during this study, others have controlled badgers on release sites to increase survival 
and retention after release (Jacquart 1986, Cofîëen & Pederson 1989, Dullum & 
Durbian 1997, Truett et. al 2001).
5. Research should focus on determining plague vectors and preventing epizootics.
6 . Agencies should work toward changing the negative attitudes toward prairie dogs 
through education and landowner incentives.
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Appendix 1. Release site, sex, and age class o f prairie dogs translocated in the initial 
translocation experiments on the CMR in 1997 and 1998 (Dullum and Durbian 1997, 
Dullum 1998).
Adult Juvenile
Release site Female Male Female Male Total
Manning Corral - NW Wing Site^ ̂ 19 1 0 19 2 2 70
Manning Corral - SE Wing Site®’ ̂ 1 1 1 0 1 1 2 1 53
Manning Corral -SW Wire Site**’ 1 2 1 0 16 2 0 58
Manning Corral -NE Wire Site*̂ ’ 30 1 0 40 2 0 1 0 0
Antelope‘S 23 2 2 3 1 49
Manning Corral- NNW Wire Site®’‘* 8 1 0 13 14 45
Manning Corral- Center Wing Site*̂ ’*̂ 5 7 1 1 7 30
Antelope** 26 41 39 42 148
Total 134 1 2 0 152 147 553
® Chicken wire site - 25 angered holes, surrounded by 0.91 m x 10.7 m x 10.7 m square chicken wire 
enclosure.
** Angered hole site - 25 angered holes with no enclosure.
 ̂1997 releases 
**1998 releases
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Appendix 2. Total prairie dogs released in the initial translocation experimental releases in 1997 and 1998 and minimum population size 
of release sites in 1998,1999, and 2000.
Visual Counts
June 1998 June 1999 June 2000
Release Site Released Adults Juveniles Total Adults Juveniles Unk.^ Total Adults Juveniles Unk.^ Total
NW wing/ (70NW +58 SW)
SWwire" 128" 18 5 23 26 2 1 0 47 35 28 7 70
NE Wire 1 0 0 " 14 9 23 3 8 1 1 2 7 1 2 0 19
SB Wing 53" 5 0 5 13 1 2 0 25 1 1 2 2 0 33
NNW Wire 45' - - - 8 5 0 13 4 0 0 4
Center Wing 30' - - - 4 1 0 5 5 1 0 0 15
Antelope 49" 6 6 1 2 25 8 0 33 9 32 0 41
148' - . -
Total 553 43 2 0 63 79 55 1 135 71 104 7 182
“ NW and SW sites have grown together. 
® 1998 releases 
^ 1997 releases 
 ̂Unknown age class
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Appendix 3. Colonies used to measure natural recolonization (ha) across western CMR.
Percent Change
Colony 1988 1999 2 0 0 0 1988-1999 1999-2000
Bell Ridge North 0.9 0 . 0 0 . 0 - 1 0 0 . 0 0 . 0
Bell Ridge South 0 . 8 0 . 0 0 . 0 - 1 0 0 . 0 0 . 0
Camp Charlie 1 2 . 0 0 . 0 0.4 - 1 0 0 . 0 0.4“
Dump Town 8.5 0 . 0 0 . 0 - 1 0 0 . 0 0 . 0
Kipp 0.3 0 . 0 0 . 0 - 1 0 0 . 0 0 . 0
N205J402 0.9 0 . 0 0 . 0 - 1 0 0 . 0 0 . 0
North Dead Calf 51.0 0 . 0 0 . 0 - 1 0 0 . 0 0 . 0
Seven Müe Creek 2.4 0 . 0 0 . 0 - 1 0 0 . 0 0 . 0
Sharptail 17.5 0 . 0 0 . 0 - 1 0 0 . 0 0 . 0
Siparyann Creek 0.3 0 . 0 0 . 0 - 1 0 0 . 0 0 . 0
South Crooked Wash 3.2 0 . 0 0.5 - 1 0 0 . 0 0.5“
Squat Reservoir 8.9 0 . 0 0 . 0 - 1 0 0 . 0 0 . 0
Timber Pit 1 . 6 0 . 0 0 . 1 - 1 0 0 . 0 0 . 0
West Robinson Cow Camp 35.1 0 . 0 0 . 0 - 1 0 0 . 0 0 . 0
North Manning Corral-All 397.8 13.8 25.5 -96.5 85.3
Antelope-All 146.3 7.6 8.9 -94.8 18.2
South Manning Corral-All 147.0 1 0 . 0 18.8 -93.2 8 8 . 6
Rocky Point 2 2 . 0 1 . 8 2.5 -91.9 40.0
Weiderrick 31.1 4.3 4.5 -8 6 . 1 4.7
2 0 1 3.3 1.3 1.5 -59.3 15.1
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Appendix 3 continued.
Percent Change
Colony 1988 1999 2000 1988-1999 1999-2000
Airport 131.6 53.8 64.8 -59.1 20.3
Wüdlife 33.3 17.2 2 0 . 0 -48.5 16.7
417 31.4 17.4 21.5 -44.5 23.4
Small 9.6 5.7 6.9 -39.8 20.4
Elkhom Reservoir 18.6 13.1 14.4 -29.4 1 0 . 2
Wilderness 40.6 31.4 34.4 -2 2 . 6 9.5
Rock Creek 2 . 1 1 . 6 2.4 -2 1 . 6 47.5
Morgan 18.8 15.1 15.5 -2 0 . 0 3.2
Dry Lake 27.5 2 2 . 6 29.7 -17.7 31.3
Mickey Butte 6.3 5.3 5.5 -16.7 4.9
South Hawley 104.9 88.3 95.1 -15.9 7.8
North ULB Wilderness — 319 31-0 27.0 33.1 -12.7 22.5
Main Locke 189.0 171.4 175.7 -9.3 2.5
Knox Ridge 16.1 14.6 14.1 -9.0 -3.7
Legg Well 72.2 65.7 76.3 -9.0 16.2
South Locke 89.2 85.1 91.6 -4.6 7.6
Box Elder Creek 71.3 6 8 . 8 76.0 -3.4 10.5
NE ULB Wilderness -  319 31.0 30.1 32.9 -3.0 9.4
East Dry Lake — 416 13.6 13.4 14.2 - 1 . 2 5.5
Rainbow 25.1 28.5 36.7 13.6 29.0
North Garitt Schoolhouse 8.9 1 0 . 2 11.4 13.6 12.4
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Appendix 3 continued.
Percent Change
Colony 1988 1999 2 0 0 0 1988-1999 1999-2000
Wavey 12.7 14.8 17.9 16.2 2 1 . 1
Valentine 232.4 274.5 289.2 18.1 5.3
East Legg 4.1 6 . 0 6 . 8 45.1 1 2 . 8
Reynolds Hill 17.8 33.3 35.2 87.3 5.4
North Hawley 35.1 119.2 129.3 239.4 8.4
South Garitt Schoolhouse 3.8 14.4 14.6 282.8 1 . 6
Sagebrush 24.8 95.0 103.5 283.5 8.9
Lonely 0.5 2.3 3.7 346.2 55.8
Long X 6.7 35.5 39.4 431.5 1 1 . 1
Totals 2 2 0 1 . 0 1420.2 1574.8 -35.5 10.9
^Absolute change (ha) 
^ 1984 colony size
Appendix 4. Colonies used to provide estimates o f variance on colony size. 
___________________________________Colony_______________________
2 0 1 417-4 B40 B65 Dry Lake Main Locke
416 B i l l B41 B69 E. Dry Lake SE Legg-222
416B B148 B42 B72 E. Legg Small Town
417-1 B148-R B43 B90 Legg Well South Hawley
417-2 B163 B45 B95 Legg Well (2) South Hawley (2)
417-3 B163-R
B164
B47 B96 Long X Wiedderrick
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Appendix 5. Area o f experimental colonies (± 95% Cl) in 1988, 1999(b) before 
translocation, 1999(f) following translocation, and 2000.
Inactive Release Size Colony Year Hectares +95% Cl -95% Cl
0 Agate 1988 24.8 26.3 23.4
1998 0 . 0 NA NA
1999(b) 0 . 0 NA NA
1999(f) 0 . 0 NA NA
2 0 0 0 0 . 0 NA NA
60 Taint 1988 2 1 . 1 22.4 19.7
1998 0 . 0 NA NA
1999(b) 0 . 0 NA NA
1999(f) 1.9 2 . 8 1 . 0
2 0 0 0 1.5 2.4 0 . 6
1 2 0 Big Snowy 1988 146.4 163.0 129.7
1998 0 . 0 NA NA
1999(b) 0 . 0 NA NA
1999(f) 2.4 3.3 1.5
2 0 0 0 3.3 4.3 2.4
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Appendix 5 continued.
Small Release Size Colony Year Hectares +95% Cl -95% Cl
0 N. Manning Corral 1988 398.1 NA NA
1998 2 . 2 3.1 1.3
1999(b) 1 . 1 2 . 0 0 . 2
1999(f) 2.4 3.3 1.5
2 0 0 0 4.2 5.1 3.2
60 E. Robinson Cow Camp 1988 35.3 37.1 33.5
1998 1.3 2 . 2 0.4
1999(b) 1.4 2.3 0.5
1999(f) 4.5 5.4 3.5
2 0 0 0 5.6 6 . 6 4.6
120 South Buckskin 1988 37.2 39.1 35.4
1998 0 . 0 0 . 0 0 . 0
1999(b) 0.3 1 . 2 -0 . 6
1999(f) 4.8 5.8 3.8
2 0 0 0 5.1 6 . 0 4.1
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Appendix 5 continued.
Large Release Size Colony Year Hectares +95% Cl -95% Cl
0 South Manning Corral 1988 147.0 164.0 130.1
1998 8.4 9.4 7.3
1999(b) 6 . 6 7.6 5.6
1999(f) 8.7 9.7 7.6
2 0 0 0 12.3 13.4 1 1 . 1
60 North Buckskin 1988 32.3 34.0 30.7
1998 2.7 3.6 1 . 8
1999(b) 2 . 6 3.5 1.7
1999(f) 5.8 6 . 8 4.8
2 0 0 0 5.7 6 . 6 4.7
1 2 0 South Dead Calf 1988 25.7 27.1 24.2
1998 2 . 8 3.8 1.9
1999(b) 3.5 4.5 2 . 6
1999(f) 6 . 0 6.9 5.0
2 0 0 0 11.3 12.4 1 0 . 1
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Appendix 6 . Example o f transects and burrows mapped using a GPS unit and a 3 m pipe. 
The total area equals 11.2 ha, total burrow count equals 1677 burrows, and the 
population estimate calculated from the number o f active burrows equals 190 prairie dogs.
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Appendix 7. Summary o f the black-tailed prairie dog groups released and recaptured 
during 1999-2000.
Number
released Colony
Median Release Weeks between recapture^ 
Date Oct-99 Mar-00 Jul-00
1 2 0 Big Snowy 6/24/1999" 13.7 22.3 16.7
60 Taint 6/29/1999” 14.5 2 2 . 1 16
64 E. Robinson Cow Camp 6/30/1999" 13.3 22.3 16.7
119 S. Dead Calf 7/13/1999“* 14 2 2 . 1 16
60 N. Buckskin 7/7/1999" 14.6 21.7 16.2
1 2 1 S.Buckskin 7/8/1999' 13.9 21.7 16.2
Interval used in 
mark-recapture 14 2 2 16
analysis
* 22 -  25 June, 28 -  29 June 1999 
*'28-30 June 1999 
"28-30 June, 1 - 2  July 1999 
**12- 14 July 1999
" 6 - 7  July 1999 
*^7-9,12 July 1999
® counts begin from last day o f release to first day of capture 
^ Program MARK, version 1.7 (White 2000)
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Appendix 8 . The number of active burrows (±95% Cl) on each experimental colony. The number in the box is the percent increase 
between 1999 and 2000.
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Appendix 9. Big Snowy and Antelope prairie dog colonies mapped in 1988, 1998, 1999(b) before translocation, 1999(f) following
translocation, and 2000. In 1988, Antelope measured 146.4 ha, but in 1996, this area was reduced to 0 ha due to plague. In 1997 and
1998, a total o f 197 prairie dogs were translocated to Antelope, and in 1999, 120 prairie dogs were translocated to Big Snowy.
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Appendix 10. North Manning Corral prairie dog colony mapped in 1988,1998,1999(b) before translocation, 1999(f) following 
translocation, and 2000. In 1997, N. Manning Corral (NW/SW) received 128, in 1998, N. Manning (center) received 30, and N. 
Manning Corral (NNW) received 45. In the 1999 study. North Manning (control) colony was used as a control site, not receiving any 
prairie dogs.
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Appendix 11, South Manning Corral prairie dog colony mapped in 1988,1998, 1999(b) before translocation, 1999(f) following
translocation, and 2000. In 1997, S. Manning Corral (SB) received 53, and S. Manning Corral (NE) received 100 prairie dogs. In the
1999 study. South Manning (control) colony was used as a control site, not receiving any prairie dogs.
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Appendix 12. East Robinson Cow Camp mapped in 1988,1998, 1999(b) before translocation, 1999(f) following translocation, and
2000. In 1999, 60 prairie dogs were translocated to E. Robinson Cow Camp.
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Appendix 13. South Dead Calf prairie dog colony was mapped in 1988,1998,1999(b) before translocation, 1999(f) following
translocation, and 2000. In 1999,120 prairie dogs were translocated to South Dead Calf.
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Appendix 14. Taint prairie dog colony was mapped in 1988,1998,1999(b) before translocation, 1999(f) following transiocation, and
2000. In 1999, 60 prairie dogs were translocated to this colony.
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Appendix 15. North and South Buckskin Ridge prairie dog colonies mapped in 1988,1998, 1999(b) before translocation, 1999(f) 
following translocation, and 2000. North Buckskin Ridge received 60 prairie dogs in 1999, and South Buckskin Ridge received 120 
prairie dogs in 1999.
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Appendix 16. Agate prairie dog colony was mapped in 1988. It was uncolonized in 1998, 
1999(b) before translocation, 1999(f) translocation, and in 2000. Agate was a control 
colony and did not receive any prairie dogs in 1999.
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Appendix 17. The population estimated from the number of active burrows (±95% Cl) and the maximum population estimate (+95% 
Cl) calculated from visual counts on each colony. The number in the box is the percent increase from the maximum population estimate 
between 1999 and 2000.
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